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while the other workers showed N. heyseana, although naming it N. freycinetti. It should be noted that Deshayes 6 described N. freycinetti from Kamchatka and Dunker 7 described N. heyseana from the Japan Sea. On the evidence derived from Russian authors N. heyseana occurs in the northern part of the Japan Sea (from Posyet Bay and southern Sakhalin to Nevelskoy Strait, Honshu and northern Hokkaido Islands, Okhotsk Sea and southern Kurile Islands, including Iturup, Kunashir and Shikotan Islands 1, 8, 9 ), whereas Nucella freycinetti occurs in the western Pacific from Northern Primorye to Western part of the Bering Sea. 9 Both species could therefore occur in the southern Kurile Islands.
Allozyme electrophoresis has often been used to clarify the status of sibling species. 10 The use of allozyme markers has resulted in the recognition of two cryptic species of Nucella in the northeastern Pacific, N. emarginata and N. ostrina. 11, 12 Previously, we compared two groups of N. heyseana from Vostok Bay differing by morphological traits 13 and did not find significant genetic differences between them.
The aim of this work was to compare the two potential species of Nucella-N. heyseana and N. freycinetti-using allozyme markers, and the morphology of the penis and egg capsule.
Molluscs were collected from three localities: Vostok Bay (Sea of Japan), Mordvinov's Bay (Okhotsk Sea, southeastern Sakhalin Island) and Kasatka Bay (Iturup Island, Kurile Islands; Fig. 2 ). Collections were made in June 1999. The snails from Vostok Bay and Mordvinov's Bay were similar morphologically (Fig. 3A, C) , showing a tall shell with strong spiral sculpture, oval aperture and curved siphonal canal. These features are characteristic of Nucella heyseana (Table 1) . 8 Specimens from Iturup Island were separated into two groups by morphological characters. Snails of one group are similar to N. heyseana described above; others looked like N. freycinetti (Table 1) , with a shorter spire, longer straight siphonal canal and wider flaring of the aperture (Fig. 3F) . The collection at this locality was made on one large boulder, but N. heyseana was collected on the seaward side and N. freycinetti on the landward side. Specimens N. freycinetti with orange shells were also collected and they were included as a separate sample (Fig. 3G) .
Live molluscs from Sakhalin and Iturup Islands were transported to the marine biological station 'Vostok' of the Institute of Marine Biology and were placed in separate aquaria. Nucella heyseana from Iturup Island produced egg capsules during the first week (Fig. 3J ), but others did not.
Allozyme variation was examined with horizontal starch-gel electrophoresis as described by Zaslavskaya. 14 Twelve enzymes were assayed and 19 loci were resolved: alanopine dehydrogenase (Aldh-1, Aldh-2; E.C. Table 2 . Significant genetic differences between N. heyseana and N. freycinetti were revealed. Fixed differences between these species in all samples were observed at six loci (Aldh-1, Aldh-2, Ipp-3, Est-1, Est-2 and Mdh-2) and common alleles were absent at three loci (Pgm-1, Argk and Pgk). The species occurring sympatrically at Kasatka Bay have fixed differences at eight loci.
Genetic distances 17 averaged by species are given in Table 3 . Figure 4 shows the UPGMA dendrogram of genetic relationships among the investigated samples produced from estimates of Nei's genetic distances. 17 The molluscs from Vostok Bay, Mordvinov's Bay and Kasatka Bay attributed to N. heyseana were clustered together, and the genetic distances between them were small, 0.101 (Table 3) . No significant genetic distinctions were found between the two groups of N. freycinetti from Kasatka Bay distinguished by shell colour (D ϭ 0.013). The genetic distance between N. heyseana and N. freycinetti was 1.844.
The penes of the specimens of N. heyseana from Kasatka Bay and Vostok Bay were similar, with a long filament (25-40% total length) not clearly separated from the unpigmented, wrinkled base (Fig. 3D, E) . The penes of the specimens of N. freycinetti had a minute filament and a wrinkled base (Fig. 3H) . The egg capsules laid by N. heyseana from Kasatka Bay were spindleshaped with a wrinkled surface and two longitudinal seams (Fig. 3J) .
The two Nucella species inhabiting Kasatka Bay are distinguished both by morphological characters (Fig. 3) and by several diagnostic enzyme markers. The large genetic distance between N. heyseana and N. freycinetti is similar to those reported for different subgenera of the genus Littorina. 18, 19 The genetic distance between 'northern' and 'southern' populations Nucella emarginata, now clarified as two reproductively isolated cryptic species, N. ostrina (Gould 1852) and N. emarginata (Deshayes 1839), 12 is smaller, 0.313. 11 Our earlier investigation of patterns of genetic variation in N. heyseana from Peter the Great Bay 13 demonstrated that the degree of intraspecific differentiation is smaller than that observed in N. lamellosa 20 23 who examined allozyme variation at six polymorphic loci in N. heyseana in normal and polluted environments in Peter the Great Bay.
Differences in the penis and egg capsule morphology are often reliable taxonomic characters for gastropods. 24, 25 The penes of N. heyseana and N. freycinetti are differentiated by the form and length of the filament (Fig. 3D, E, H) .
The shape of egg capsules produced by N. heyseana from Kasatka Bay (Fig. 3J) did not differ from those produced by N. heyseana from four localities in Peter the Great Bay, 13 and corresponded to the description for this species from Golikov & Kussakin.
1 Unfortunately, the specimens of N. freycinetti did not produce any egg capsules during the 3-month period.
It remains to be determined how specific names should be allocated to these species. The original descriptions of N. heyseana and N. freycinetti 6, 7 suggest that the short-spired form is N. freycinetti and the taller form N. heyseana, as described by Russian authors. However, additional studies of specimens from many different sites will be required to confirm this suggestion. Many attempts have been made to resolve phylogenetic relationships among major extant molluscan clades using molecular sequence data, especially from nuclear ribosomal DNA, 1-6 yet most studies have not been successful in obtaining species representing all major groups (i.e. all classes of molluscs). Gastropods, bivalves, cephalopods, and scaphopods are relatively well represented in these and other studies, 4, [6] [7] [8] [9] [10] [11] whereas currently no molecular analysis has included any species of Neomeniomorpha (ϭ Solenogastres) or Monoplacophora. For the second aplacophoran lineage, the Chaetodermormopha (ϭ Caudofoveata), the only 18S rRNA sequence ever reported is of Scutopus ventrolineatus.
2 Another aplacophoran sequence, a 253-bp fragment of the 28S rRNA gene of an unidentified species, was published in a study of RNA secondary structure evolution across metazoans. 12 Neomenioids are shell-less molluscs with a vermiform body covered with calcium carbonate spicules. Most neomenioid species are known to be epibenthic, as well as epizoic, on soft corals or gorgonians, [13] [14] [15] [16] and bryozoans (personal observation). Chaetodermomorphs and monoplacophorans are relatively hard to obtain because many species live in the deep sea. [17] [18] [19] Neomenioid specimens are more readily available because several species are known from shallower waters, 19, 20 although most species inhabit deeper waters.
Neomenioids have been postulated to be the most basal lineage of molluscs based on morphology 21 and, therefore, inclusion of DNA sequence data from such a clade is crucial for complementing studies on molluscan molecular phylogeny.
In this study we report 18S rRNA sequences from five neomenioid species, four of which live on corals or bryozoans. Total DNA was extracted from Dorymenia troncosoi García-Alvarez et al., 1998; Meioherpia stygalis Salvini-Plawen & Sterrer, 1985; Neomenia n.sp.; Epimenia babai Salvini-Plawen, 1997; and Helicoradomenia sp., which had been kept in 70-96% ethanol. After amplifying exogenous DNA multiple times, and in numerous specimens and species, we proceeded to use tissue carefully dissected from different parts of the body. It is shown here that neomenioid DNA extractions from whole animals, muscle fibres, body wall and salivary glands, are constantly contaminated with exogenous DNA belonging to their food source. Good quality neomenioid DNA was extractable only from gonads dissected from the large specimens of E. babai or from whole larvae.
DNA was extracted with the DNeasy Tissue Kit (QIAGEN) following the protocol provided by the manufacturer. The purified total DNA was used as template for amplification of the 18S rRNA gene using the polymerase chain reaction (PCR). Amplification of the whole gene was attempted by using primer pairs that generate three overlapping fragments, such as 1F-4R, 3F-18Sbi and 18Sa2.0-9R. 22, 23 PCR reactions (50 l) included 2 l of the template DNA, 1 M of each primer, 0.2 mM of dNTP's (Invitrogen), ϫ1 PCR buffer containing 1.5 mM MgCl 2 (Perkin Elmer) and 1.25 units of AmpliTaq DNA polymerase (Perkin Elmer). The PCR reactions were carried out using a GeneAmp PCR System 9700 thermal cycler and involved an initial denaturation step (5 min at 95°C) followed by 35 cycles including denaturation at 95°C for 30 s, annealing (ranging from 45 to 49°C) for 30 s, and extension at 72°C for 1 min, with a final extension step at 72°C for 1 min.
The double-stranded PCR products were verified by agarosegel electrophoresis (1 % agarose gel) and purified using GENECLEAN II Kit (BIO 101). The purified PCR products were sequenced directly; each sequence reaction of a total volume of 10 l included 2 l of the PCR product, 1 M of one of the PCR primer pairs, 2 l of halfTERM Dye Terminator Reagent (Genpak), 2 l of ABI BigDye TM Terminator v3.0 (Applied Biosystems). The sequence reactions, performed using the thermal cycler described above, involved an initial denaturation step for 3 min at 95°C, and 25 cycles (95°C for 10 s; 50°C for 5 s; 60°C for 4 min). The BigDye-labelled PCR products were cleaned with AGTC ® Gel Filtration Cartridges (Edge BioSystems). The sequence reaction products were then analysed using an ABI Prism 3100 Genetic Analyser.
In rare cases, multiple PCR products from a single PCR reaction were obtained. When PCR products of different sizes were obtained, the bands of different size were separated by excising bands on 1.5% agarose gel and cleaned using the GeneClean gel extraction protocol. Each product was then sequenced individually. In other cases, multiple PCR products of identical size were obtained, and their sequences showed multiple overlapping peaks in the sequence chromatograms. These PCR products were subsequently cloned using the TOPO® Cloning Reaction Kit (Invitrogen). Thirty clones per ligation were directly sequenced using M13 F/R primers, and analysed using an ABI Prism 3100 Genetic Analyzer.
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